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ABSTRACT 

PURPOSE: To achieve blue or green light emission using ZnMgSSe compound 
semiconductor as a clad layer by constituting a first clad layer, a first 
optical waveguide layer, an active layer, a second optical waveguide, and a 
second clad layer with a' compound semiconductor shown by an expression and 
then forming the active layer to be a single quantum well layer with a 
specific thickness. 

CONSTITUTION: By forming a first clad layer 3 and a second clad layer 7 
with ZnMgSSe compound semiconductor (x=0, b=0) in a compound semiconductor 
in an expression 1 (0<=x<l, 0<=y<l, 0<=a<l, 0<=b<l) , • , the title 
"semiconductor laser with SCH structure where blue or green light can be 
emitted using the ZnMgSSe compound semiconductor as the material of a clad 
layer can be achieved. Besides, an active layer 5 has a single quantum well 
layer 5b which is 2-20nm thick so that the title semiconductor laser has a 
low threshold current. 
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7 y KJB*S.fctf±ie»2 9 y KWk ±IB*?#FJI 
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SO. 4. 0. 15iqS0. 4 5<0Zni- p Mg P S 
, Sei-, JJB»l^)3lfi«ayB4iJ:ir±gEai 
2«03tS^aiiO. 05^pg0. 15. 0. lSqg 
0. 2«Zm- P Mgp S q Sei-, #>£>fig9. ±IB@ 
ffifJiZ n S e ?&>£>j££±fB4T#F/l?^]£9 „ _fcJE 
11^77 K**Jj:tf_kiE82tf>?5 v HWfcJJE* 
^ #FJ1 k etiBHV ^ K 3r -\> y 7* OJK4 0 . 2 5 e Via 
0 . JJBJB 1 Oft^jSJlfc J: l*±f B8S 2 tofts^ 
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[tiaoa-6 ] j^E'fl:-&ifc¥»«cfflK«G a a s mm? 

t> 0 . ±3SM 1^7 7 HflJiZ nSe *>tJfi4A 7 7 
rJ12r^L-C±IBGaAsa«±lcWM$ii. ±E»1 
O^7vFSiJJ:^±fEm2c7)^7>/h'«Ji0. 15^ 
P^O. 5; 0. 2<q^0. 5 5C0Zm-p Mg, S 

, sei-, *»&jrd, ±ienio^»auiiiJ:^±ie^ 

2i7)7l£S^a{iO. lgp^O. 2. 0. 15^qg 
0. 250Zni- p Mgp Sq Sei-, ?5^JS0.±IB 
V§ttJi(40. Ol^u^O. lOZnSu Sei-u *»6 

y -y 7°cDH(i 0 . 2 5 e VJ^Lh-C'fe 9 . ±IB® 1 
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Zni-i- y Cdx Mgy Sa Teb Sei-a-b (tztf 
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1 ) JMt^f*****^** k k fcfc, 
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*F#F*0^f|^)ff ${i2~20nm-CS>l»C:k2:# 
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[11*318 3 ' JJESt 1^77 KJBtJ ±IX±IE» 2 CO 
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S e&fc-&®l*m{kt tc\tZ n S e mt^m^Wi^h 

m, o , ±!Evse«(i:z ncdse mct¥mmm>!>iR 

h% 1 ^fi^#Fil. ±BESB 1 ^>fi^#F®±^Sii.$ 
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TfllS^tTJJEGaAsatRliCBIIBS^ JJBflSl 

0. 2. 0<q^0- 3«0Zni- P Mgp S, Sei-, 
3&»fejR0. ±femi«^^JlfcJ:^±iem2e03K^ 
JHiiO<u£0. l^ZnS. Sei-u .4«JZnSe 
3&»fejR9, JJa8§ttW±0<z£o!. 3^)Zni- 2 Cd 
z Se*»i;,|ft4»l»*F#FJi. JJESSIOMWF 
«±(CflMfeii*:Z n S e frbfchmm.m&£Tf±3m 
,Sl±tai$nfcO<zg0. 3»Zni-i Cdz S 
e 3&»&J*ft»'2<0**#FJI>&»4>jft9 . -UEJR1 7 
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**^>jR*»i<o»^#FJg. ±wem<o*^#F«±^ 

$ tltz Z n M g S S e £ft£ft¥*fffc0>6j&* Kfi 
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1 o>9 : 9 y KSiJ «fc JLEfl* 2»??7 HJBIi 0 . lg 
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S, Sei-, #&jfcD, JJE»l«»ia«W*JJ:VJJB 
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Stt«iZ n S e 1 nMr&fFm* ±8E!B 1 

OJH^FH±fcflWte*lfcO. 05^p^0. 15, 
0. UqgO. 2CDZni- P Mgp S, Sei-, 
**(MW*J:tf JJS»M±fc#«**UtZ.p S e#> 

a*5i:t/±ies2 ^ y vrntisssn 1 «om^#f« 

*J i ±IEfil 2 coft^ #Fil i: «ffl*!V < >- H *y r« 
Hi* 0 . 2 5 e VliLhTS) 0 . JJE» 1 ^aWfeJBiJ =k 

x/imm 2 fc ±iB» i «oa^#F)ifc «t t*jb 
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i e vja±T* s i t *imt -r I. n&H 7 im<o*m 

[|f*« 12] . JJEteWfq«*»SliG aAsifi 
"Cft 0 , ±ESK 1 9 v HW±Z n S e -y 
7rJi*^-LT±IBGaAsil«tii(cWBS*L. ifEflS - 
K«tJj:l^±ffi»2<0^5vFJlliO. 15 

gp^O. 5 S 0. 2SqS0. 55CDZni-p Mg P 
S, Sei-, jb»fejft«J , JJE* 1 03B»»**i «fc^±ie 
H2<50^^[Jl(iO. Up^O. 2. 0. 15^qg 
10 0. 2 5<50Zm- P Mgp S, Sei-, 3&>£>fig9»_hiB 
*S1t«{iO. OUugO. lOZnSu Sei-u *^ 
cO*^#Fif . ±Sem 1 OJtF#F«±fcWi- 
ZtltlO. lSpgO. 2, 0. 15SqS0. 25C0 
Zni-p Mgp S, Sei-, *»£jfr&ftSJH;fe<fctf_Lie 
WMS±t:«ii$fL^O. OlSuSO. lOZnSu 
S e i - u *» i» (Jt5 £ 2 *>»7#F»&» & jfe 0 . ±JB»'l 
-y H**J iV±E»'2<^)> 9 y FmkJjgSM <?> 

^ -y rcolHi 0 . 2 5 e V|2LL"C* 0 , JblS^ 1 
20 #^«t5 J;lXJ-IEm2 klSSSi 1 ©i?#F 
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40 
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1. ^9-y.K)B.*J:^±IESI.2<0^9y.H.»i.0.. U. 
P^O. 4. 0- 15S-qS0. 4 5C0Ziii-p Mgp 
S, Sei-, ±3Sffi&miiZnSefrt»A 

0 . ±Mffil<r>?y y F**J ±VJJE»2«^9 -y Kfl 
k JJEiStta fc cOf^cO/ s'y H^-v -y TCDlKi 0 . 2 5 e 
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[ mxm 1 6 ] ±mit^*mtmm± caAsit 

Tfe 0 , ±§m 1 CO? ^ >y HJHiZ n S e a>£>j£3 A.y 

1^7 7f'It>J; ^±ie^ 2^7 7HlliO. 15 
SpSO. 5. 0. 2SqS0. 55»Zni- p Mg, 
S 9 Sei-, ±IESttS(iO<u^O. IcO 

ZnSu Sei-u a>£>j£9s ±IBSIlcO?7-y h'/itU 
tf±iE!H2cO? 9 -y Hat±ISvS14«i: O^iAy h'^ 
r -y rcoHW: 0.25c VJ2L£C* hZb *««4: -^4 
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[19^ 17] ±£fc^¥*tt*KliG a AsSI 
T"£> 0 . -Lf£3f5 1 O? 7 -y KJf &Z n S e A-y 
7riS^LT±RGaA sSRhtHiS^ ±E» 
1 co? 9 y KSfc <fc VLhffiSfl 2 <0? 5 y KBti 0 < p g 

0. 2. 0<.q^0. 3cOZni-p Mg P S, Sei-, 

JJEi§ttJIM:0<z£'0. 3cOZm-z Cd 
z S e-*»6jft ±tem 1 <9? 5 -y KJfi3cfcl>'±tam2 
<0?^ -y FBtiievS-ttShoraWxy h*3r-v -yTcoH 
{±0. 2 5eVm±T'&££fc£*^2:-rSi*£Jil 3 
IStt*>¥#ttl'-ir-.- 

[MS* 1 8 ] fc^*^#aHE±fc««3*ufc* 1 
±|E» 1 0? ? >y KJi±fc«M3#ifcigtt« £ . 

_tJ5SB 1^7-/ h'S, ±IB*§ttJl£<J:tf±feiiS2 co? 
7 7b'lliZni-i-»Cdi Mg, Sa Teb Se 
i-«-b <fc*£U 0Sx<l, 0Sy<L 0^a< 

1 . o ^ b < i ) mt&m*m.fafrt>ftL& tt^z. 

±fe«ttStt«IfccO;ft^#FJi£*rU **9JJEH»0 
*^#FJIc0^i|-cOJ?£J;i 1 0—3 5 n mX'fo&Z. k £ 

[fl^a 1 9 ] ±iEJH 1 co» >y FJH** J:t>'±l2^2 
CO? 5 >y KJfJiZ nMgSSe aWfc^mWb&»4> J* 

o , ±K?sttJittaaEfcyMis*Lfcz n s semz&m 

mgft&MiZ n M g S S e 

ROJHEHfe Jtf Z n S e£fc&|*¥3#*>4>j£**GR 

cOlf#Fl*^«l. i t 1 8 IB® 

-If-. 

[ us* 2 o ] ±mitism¥mi*mfrte GaAsmm 

T*£> 0 . JJ3S 1 CO? 9 y H«iZ nSe *>£>j£.g> A-y 
7T**^-trJJEGa'AsaHR±fc:«iB$#t, ±IBffS 
l<0?^y \ i mi}£X/±MZm2<7)77v HWiO. IS 
P$0. 4. 0. 15SqS.O. 4 5cOZm-p Mg P 
S, Sei., 3&»^JS0, JJE«tt«3SSfc«i3#tf: 
0. 05SpS0. 4% 0. l^q^O. 45cOZn 
1-p Mg p S, Sei-q frt?l$L&mk<7)Wigmi5&XfZ 
n S e J&^j£S«lfrcoi7#F«a^)£ "9 . ±£8 1 £0 
? 5 y K«£ J: V±E» 2^57H*t ±iafi : ?#F 
iifccO^^^yH^ yTtfO^iiO. 2 5 e VJaJiT* 



(4) #HH*6-334272 

6 

tcoh« o . i e vjsLhT* s i t swat -t zmim. 

1 8fSlicO#^tisWlF-. 

[ffi$*2 1 ] JJEft^NWHHRttG aAsSfi 
T-feO. _t!EmicO?5>y KittZnSeK*4^7 
?T**^LTJJEGaAs!lH^fcf»i3*u _fcJBSS 
1 CO? 9 -y HJI*sJ:V±RjII2 CO? 5 y 0 . 1 5 
gpSO. 5. 0. 2gqS0. 55COZni-p Mg P 
s, Sci-, frfcifcO, ±3Efi§tt»liSStSWS<iA: 
10 0. UpgO. 5. 0. 15Sq^O. 55COZn 
i-p Mgp S, Sei-, &4j££ttjRe>KKJI;i3J:tfO 
<u<0. IcOZnSu Sei-u^jSiflGRiO*?* 
Ftt&»6j$ 0 . JJB» 1 co? 7 -y -KJBfc jtf_fcJE*2 co 
. ? 9 y Hfl ±SSMrf-#PM t 0>WV n> K ^ -y TCO 

o . 2 5 e vwjLX'h *) . ±immm t ±ie»^ # 

- ■ F^tcO^cOy^^H^-yrcOlliiO . 1 e VlZLkTfo 

[3^coP«H^HJ] 
[0 00 1] 

20 [g£Lb?)fiM*Hff] ifl5lMB«. tf-fcW 
[0002] 

[fi^fccoSffi] iS^. 3fer-fX^<?)iEafflfllEbrtlJi^ 
. — r-7"U >-?cOj|f#JK<Ot6l±5r0-S.^{C. «**-c 
c03Bt*^^^*P---!f-^*H-SS**iai 
#Ti3>9. 'eco||^^a^gLT^^f5&& { v^yltfi : *>i^•CV^ 

[ o o o 3 ] icoj; 5 %fflk&xn9&tirtt^%mfo 

I I - V I ^L^^*cO-ST'S> SZnSSeM 

4 9 0~5 2 0 nmCO#fe^rV^LIife^cO^#:lx- 
if-5:iei-r-l» £ t tfX'Z tz t cOfBW&SixT I ^ 

(Mxff, BigXU?ba^?X, 1 992*4^27 
no. 5 52.S9 0I-H9 1I), 

[0004] 

[IMflPSiLJ: a fc^ftiWB] ±^cO«fcdt=. ZnS 
40 S e^-^m^m^^ 7 -y LTffll vC# 

co»f4<b LTfflV>T«fe53:^LiifeT^7K^fg^^# 
[0005]^oT, Z<7MW<7)Emt. ZnMgSS 

[0006] 

50 [H@2r»^-g.^*cO¥S] Z n S e *S14Jltf)±T£ 
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n!ZnMgSSe^77 FMb plZ nM g S S e ? 
y y FMbX1fe^fzDHffla. (Double Heterostructur 
e) tt-t&imfaU—f-b. ZnCdSeS-ffiScT) 
±T£ nIZnMg S S eftm&Mb pIZnMgSS 
e%M%tmtX'm&. S^<0±nnlZnMgS 
Se;77 HSi: pMZnMgSSe^^ y KJffc'Ttt 
A^fSCH^SSa (Separated Conf inementHeterostructu 
re) £1i-r & f- b fcOV vc t # V 

« ( jth ) wm&mnw-Ztim&ztmizx osawtis 

«8*£Ui5 0 0xenu Pffimikainitl Ocm"'!:L 

(±, ZnSevS14JlfcnaZnMgSSe^7 y h'Jffc 
±VpIZ nMgSSe?7'y KJffc0)|fl£>JB#r¥ilA 
n*50 . 1 3X'1bh^b O r 2TJ5**dfc«i:a'5 

fco^-csf«srff->fc. — scnmmi^-th^m 

HsU— If— (COHTli, ZnCdSeSttitnSZn 
M g S S e X8KftJB£ <fctf p MZ n M g S S e 3&£ftJf 

i:C0^<0Siff^HAn g {±0. 1, ZnCdSevgftM 
fcniZnMgSSe??'/ XX/ plZ hM g S 

Z n M g S S e 3£^£J&fc <fc P SZ n M g S S e 
feScomm<Ol5SW g ii7 5 nrnt Lit. 
[0007] 01 3*»4>*»6»&«t^fc. DHffijt^W^" 
*#**p-lf— Kijvvcti. Stt««)*S* s 3 0— 4 
0 n m<0 fc * (c L * v MmSttftAttS'htt& 4: 0 , 

irHW8BISJa34+« > tcfi< J flr*. — SCH*ffit£3r 

■r&^frw— - r-i-iswcti. jsfflf^w&jwiu o 

«S6*J8i*2>' L , m&mcomi* #2~20nmCDi: 
W-ir-»3S*-»tfW-*3t«>OtfW4: LT II — 

[00083 Z<7)J:o izm&McomZ < LT^f-v 

•j r«oa=Asws£«< -t&zbcDmmmi. unguis 

3SJ!l:^kBJJ^T'£>&. -r=5r^*>, Il4(iZnSS 
evgttilO±TS: nIZnMgSSe?7»/ HJIfc pi 
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50 CH®MZ^1-&?mikls--F-Z9m-t&ZkWX'& 



1 5 

h . L&i>, ssisji ( 5 ) i3.r.^<?>m=?#wm (5b. 

5 d ) £1rL. *-p--30fi^#FS (5 b . 5 d ) <D 
-^H-<7)JP§{i2~2 0nm-CJ>l,CfctJ: l 9\ <T<0¥?f 

[0035] *8tf5»W-J(l 1 2<7>mHz£ h^mfaU 
~ f-fc J:*U£, ZnMgSSe ^fb^^fls^ ? 7 

i&L £ v tfrao S C HflBifclM-* #H**V-lf- £ 

[ 0 0 3 6 ] SS 1 3 etffeflte i S^HUflcl^-if-fc: £tL 

<i* . m 1 5 v KB ( 3 ) *5 J:t/I£2 5 -y KB 
(7) SrZm-x-, Cdi Mg, S a Teb Sei-a-b 

^t-^m i mmz]s^xx=o > b=o*:U:i?>. -t 

^ZnMgSSe ^&W&m#&Bt&*S i <C 
J: 0 , ZnMgSSe 3Mt£ft¥$ft£ HBc9# 

iSttJB. ( 5 ) OffSttl 5-6 0nmTJ5SCt 

tc i o . zw^mtbi'- if-{i«L^ v^«earc** . 

[ 0 0 3 7 ] .» 1 4 OfSBJKSfS 1 7 ^SMHK J: 
P-Hf-(citiii\ ZnMgSSe aWfc£*MftWfc*.? 

[00381S1 8£0^(; J; samwici^— -fe ift 
J2\ S1^5yFI (3) isitf^c^^y KB 

(7) jZni-,-,.Cd, Mgy S a Teb Sei-.-b 
i^TO«:fc^tx=0. b = 0fcL*:k<D. -r 
&;fc*> ZnMgSSe ^^fe^tt^JfM^S £ fcfc: 
±9. ZnMgSSeaMfc^ftiNWct^^'j'HJiWB 

ffitttf ( 5 ) \mm.<r>m.=f-#Fmttv. a*o* 
mcoM.Txnmco'&stcomztei o~3 5 nmt**: 

[ 0 0 3 9 ] JfS 1 9 comh~m2 1 OJMHfc: j; &4MVt|c 
9-'- fc cfc ZnMgSSe *fteft¥«fr $ ? 

■rare u&»t« l s wfnw<oD HflBasirr* 3 ^^ 

[004 0] 

C 0 0 4 1 ] H 1 lS.Z<7)%fflcom 1 Sgffcfflb J: 

ttscHaBtt^r*-*i»^>*c**.. 

[0042] in 1 iztj^tx o z^mimmmitx^ 



(9) #^¥6-3 34272 

1 6 

i#K-7°;*iX7t (100) B^ficOn^GaAsftK 
1±(C. ^{fnlPFM^J: LTC 1 #H-:T&*lfcn 
SZnSe;\'-y7rJ12, MiSnl^ftJ: LTC 1 
#H-7§flitnlZni- p Mg P S, Sei-, ?^>y 
>'J13,.0y^{i'nS^!Hjt LTC 1 tfK-r.Sjflfcn 
MZnSe ft#if£B4 . vStt® 5 . «£tfp WPFMWt 
L-CN^K-7§W:pIZ n S e3l^i6 . mttt 
plPF$^fcLTN#>'-:? 0 $ft*;pMZni-p Mg P 
S, Sei-, ?7-y H«7fcJ:^«iJfpai^*ell|fct 
10 TN^K-rSftfcpMZ nSe^f^ ? 7*Jf 8:tfJK&R 

-[0043] $^C, plZnSe^7718±t 

K. SiO, I. Si N« ffi£&fc'*>£>fi£Si|&liB9#^ 
j£$*VCU&<, -£LT. ClOiD9a^ItTpiZn 
S e * -y 7" S 8 tC0IJ ^.{f A u / P d WW$> A u 
ia^pfflUmfiil O^y^^h LTV^„ — nl 
GaAsailiOSiCH. 01J^.i^ I nm^tOct^^n 
ill 1 1 ^3 9 V LT V^-S, . 
20 [0044] C?>li5 1 HtfifN^ V vcti. j^ttJg 5(i^iJ 
itfl^fr'enmCOilZni-z C dz Seif#pf 

*>^^s#-»^#Ftiis**-r-s.. cco^, niz 

nSe3fcS?SB4fcJ:t/pMZnSe3K^®6^M 

[004 5] nIZni-, Mg P S g Sei-, 
Jt3fej:l^pMZni-p Mg p S,Sei- q ^5vKJi 
7cOMgffljT!lltp{i0>J^{i*O. 0 7. ^^SfflJjiiJtqJi 
#|;tfcf0. 14T'S>0. ^COfc^W^Vh'^^-yrEg 
ii$1j2. 8 7eVt&5. Z\fLt><nU g3fij£JtP = 0 . 

30 0 7£itf S*&j£Jtq = 0. 14$-^rT«>n^Zni-p 
Mg P S, Sei-, Vv -J HJl3ijJ:t/pMZni- P M 
g P S, Sei-, ^5-y.H«7(SGaAstfg^S^ 
*. *3t. niJZnS e3ft£ifcjl4;fcJ:t/p3[ZnSe 
^ii»|6cOA>H^77E 8 (4*«J2. 7 2eVt* 
*. Sfefc, St4«5?rffi^-r?. ilZni-: Cd, S 
ea^#F®^Cdfflj^Jtz<i0il^(fO. 14T'fcO. 
^^t^^s'Vh'^fA- yTEg ti^2. 54eVtl> 

nIZni-p Mgp S, Sei-, ?^ ; y 
FB3*J<i:ffpMZni^p Mgp S, Sei-, 

40 !7i:gttl5^MnilZni- z Cd, SeK 
^FSt^^^^-h'^-yTEj OUAEg {i0. 3 
3eVT'*>0. nlZnSe^»i4fcj:t;pIZn 
Se3iaEft*6-fci§tt»5£a&fr*$ ilZni-, Cd 
j S em^#Fmb<Dm<?>s<>y : *r-Y -yTF.g COMAE 
g {40. 18eVt*S. nIZni-p Mgp S, S e 
i-, ^^'y,h'Ji3. nffiZnSe«l4, «ttig 
5 S pfZ nSe^#jSii6*3ctt/pMZni- P Mg„ 
S, Sei-, ?77 K®7^x*;^— aVKKp* 
0. 07. q = 0. 14. z = 0. \ A<F>k.%<7)Z\fx.h 

50 OJfO/N'yK^r-v-yT-Eg cojit t €4^132 {z^o =5: 



( 

1 7 

#>ft {vxrmk) . 

[0046] nlZni- p Mg p S, Sen ^5«/H 
@3fcj;lXpMZni- P Mg P S,Sei-, ?7>/KJI 

ft#:WtiinSZni- P Mg, S, Sei-, ^77^1 
3«U§{iMx(f l//m, plZm- P Mg P S, Se 

i-q 9vv vmTwmzumz.ifo. sum\ l zw,iti 

ft. nlZ n S e*#ti4 it^plZ n S e 

XMmmetMZiimmmzti^tii o~i o o nm 

JlltfiXft. Sfefc, pSZnSe^-v>/TJi80i¥${i 
ffjitUO. 5iumJSLhfc:a!H , #l*. 
[0047] nMZnSe^-yyr'm2cr>m^ 

t;. ZnSe£>ft4Jl(J¥ (—1 OOnm) J; 9*. -Hi*: 
/hS < jHt»U SttWteliW £ if 2 n m teaiffift . . 
[0048] Jfcfc, ±3*0>J: o t=flWESiifc£<0» 1 H 

*. 

[0049] i^ns i mmmiz x ^^m^-^-^m 

JW ftfcli* t-f, niGaAsSil±{;, 
TUxtM'i^- (MDE) ifctCi:9, nlZnSeK 
77rl2, nlZni-, Mg P S, Sei-, 
S3. n&ZnSeftfflMM. ilZni- 2 Cd 2 S 
eJH^FJf*»S>jR4iStt«5» plZnSe«i 
6. pSZni-p Mg P S« Sei-, ? 5 -y KM 7 i> <fc 

Stfft. 

[ 0 0 5 0 ] ±,£cr>M B Efelz J: &xtr*# S^-wHSS 
tfi^TJi, Witf. ZnK»fcl/Ctttt*9 9. 9 9 
■ 9 9%^)Zn*ffllf\ MgJSCKtLr«*6«9 9. 9% 
C9Mg£ffll,\ SfflCHfcl,"Ctt9 9. 9 999%tfOZn 
StfflK SeM8i:l/tli*fi*9 9. 999 9%<?>S 
e£ffl<^ft. £fz. nSZnSeA'77 712, nlZ 
ni-p Mgp S, Sei-, ? 5 -y Kg Sfcit/nlZ n 
Seft^Jf 4^niPTW8j£: LTtf>C lC0H-tf>^ 
(£0f*.ttiKft9 9. 99 9 9%OZnCl 2 £K— ^'v 
hfcLTffl^Tfifl\ plZnSe3Ef)Si6, pIZ 
m-p Mg P S, Sei-, 9 5 y H® 7 £> «tl>'pl§Z n 

liHiif^PlM 7 n hoyftH (ecr) c i 0 
$^cN 2 T^X^rajfrftCifcfciOfTd. 
[00 5 1] P ffiZnSedfA' /r«8^ffi(C 

LTI!8n9a£»tft. iKK. £MC:Au/PdBH s 



10) #1^6-3 34 27 2 

1 8 

£• p fflffiffi 1 0 £?IML. <€-£)&&K(cf5 t T^SS- 
^-?T, ZOpmm 1 O^piZnSedffyrlS 
fc*- 5-y?3V**h3-&«. — 2i\ niGaAsl 

^ i ^sput* i nmm<7)x o % niim® 1 1 
•ft. 

[0052] HLt<DZ. o iz LT f-fl§it# 

jassiifcnSGaAsaeKi *«iaA-«K:»HiL 

io [ o o 5 3 ] i am i ^sfifiRin i ft *mfois -^r-om 

^mii!U-f-(0#-if#F ( SQW) ffii&COvS 
tti5^fSiiZni-: Cd 2 Seif#FI« 
I§IJ6nmT&S. i3Bi, JtS£0*;tf>£. «§1SS 
^fSenm^ilZni-! Cd 2 Se*?#FJlfcJS 
— S4nm« iSZ n S ediij: SJESI^HILfcEI 

m=?#F (tqw) ffimt&^x^&ztzm^zzw 
mi mmmiz * &¥mfou—r- 1 mm^mm^-f ft 

20 £>ft. SHt«t:*JJt*=o<oJtF#F 
*«^H^>JISt4 6 n m X 3 = 1 8 n mT£> £ . 
[ Q 0 5 4 ] H3 «t 0 W6**3r J: o t, -^-i^#F« 
JtWiSffii 5 £*f Jfc-f ftA^#P®<0/» $ ** 6 nmT* 

ft. 

[0055] ;ogiHiW; < ts^*i/-f 

30 *-tfi)jHffift**MSfeLfcfc i*, asafcfeV^T»4 9 8 

[0056] £Lh<0 J: 3 1 latWfc i*Uf, 
niZnr- p Mg p S, Sei-, ^77^13, nlZ 
n S e 3^^® 4 . *-*F#FM3a0>iSttJ» 5 . p ffl 
ZnSe3tzS&il6t3j:t>'pMZ m-p Mgp S, Se 
1-, f 9v KJH7fcJ: 01^— tr-«BSS:?E»«L. L*»^ 
SttJI 5 $r«^ft ilZm-: Cd 2 S e 

6 nm fc/hS < »X/CV*&; fcti 0. 
ZnMgS S eZMt&MimtbZ H*<0«ftfc L 

40 M?att>^T^^4 9 8 n m-C'^ii^r^ 

Sife^T- L A^t> ffi L # V ^ffim»S^£7) S C Hfgi§£:& 

[ o o 5 7 ] mz , ^ <7mw<r>& 2 niMt; i & ^mtm 

[0058] i«JB2Sltt0«Cj: ft^*^-^'-{4. 

so m&m 5 *»H4 t^-r i o tzsjtF#F»ja£#*-* 
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1 9 

fcflfiftfc*-*-*. H4t=*t"J:a«c. £tf>Si2*fl£«fc: 
J:*¥#*I'— «r— fctJWtli. $SttJ15(i. ilZn 
l-z Cdz Seif^fFiSa, iMZnSe^MJ15 
biiit>'iMZni-z Cdz S e J£F #F® 5 c jWRK 

m $ wsraai^Fiftt* . z zx\ i mz 

ni-, Cdz Se4^#Fil5ai3<tt/iSZni-2 C 
dz S e»f#FJ15 cajy$tt*fe<?*l0|jtff 6 nm 
.iaZ-nSe»SJi5btf5JP$ttffi^.tr4 nm 

«14«5tCij{tS-OC0iMZn 
l-i Cdz Se*f#Ffi5afcJ:tf iMZm-z Cd 
z S e if #FI 5 c^H-<0S§IJ6 nmX 2 = 1 2 



20 



[0059 y^ff)m2mmvzXi i ¥m^—^r-^M 

[00 6 0] £tf)»23SttWCJ:oTk. 
J:ft4m»*W— y-tBWUK, ZnMgSSe^-ft-^j 
¥**£?5«y KJiWWHfc LTfflV^. 3HBfc*JWC 
Jibfe^^^X't^tffitt HWt**JK*>S C Hit 

[,00 6 11'jjCfe. d^Bj60^3HJfiMtJ:l»^#: 

[0062] H6lii«^3'SlifcMfc:J:**»«sW-1f 

[00 6 3] H6K:^-r i«©flS3Wt«tCJ:S 

iri»'K-7°Sft£ (lOOUia^nfiGaAsfflR 

SZnSeA.y7rl2, m*.iZ nMifc LT C 1 
^K-rSiUtnlZni-, Mgp S,'Sei-, ? ^ y 

SftfcplZni-, Mg P S, Sei-, ?5vKJl7i> 
il^UifplPBft^i: l/CN#K-T3*lfcpffiZ n 
Se^-^-y TM 8 tfKftRJI $ fit V * * . 
[0064] pIZ nSe^ -y TliSitelMttl 9 # 

□ 9 a pIZ n S e^-v v 7"Ji 8 K p fiWMS 1 

[0065] vSttS 5ti. mJf^Z n S e 

Jf. ZnSu Sei-u JfiJtteZ ni-z Cdz SeJUlC 
X*}JBfH^ti6. dc0M14Jl5<0l?${i:l 5~6 
0 nmflD«Ht:a(/<l, jffiL<(J2 0~4 0nm£0|g 
Hfcailtfh.*. 

[00 66] 3H£J|5&ZnSeJ|(Cj:r)jgj£4-&« 

nMZni-p Mgp S, S ei-,^77 KS3& «fc 



• ypSZni-p Mgp S, Sei-q 7? v HJl7C0Mg 
ifflfi&fcptefliRfcro. 2 3. t^:Sa^Jtq(S^R(f 
0. 2 8T-&S. ^<JOi:#<7)v£'ttil5<7)>'N'>'h'^A'vr 
E g ti>&2. 72eV, nIZni-, Mg P S, Se 
i-q^5-yh'S3*5j:l>'pSZni-p Mgp S q Se 
i-q ?5y FJB7W?yH^y7 , E« (ii^3. 05e 
V-Cib-S. -I<7Dig^\ nffiZni-p Mgp S, Sei-, 
?7-y H*3^J:tXpMZni-p Mgp S, Sei-, ? 
5>y FJi7'tattJB5 WHW^b'^rfy^E! <0H 
10 A Eg fiO. 3 3eV-C*S>S. 

[0067] ^ *SttJ15£u=0. 06i7>ZnSu 
Sei-u Jf(CJ:9Jft&''*-*&g-» nlZm- P Mg, S 
, Sei-, ^5-y H®3t3J:t/paZni-p Mg, S, 
Sei-, ^7>y HJl7C0Mgffl^Jtp{±P^{f0. 2 

6. ttcsm.mt^mtiio .' 3itM. 

- OvSttJiSW^H^r^-yTEg (i^2. 7 6eV. n 
SZni-p Mgp S, Sei-, ? 7-y KJH3*J«fctfpffi 
Zni-p Mgp Sq Sei-q ?7 7 Hl7WA'yK^t 
•y^-Eg (i#j3. 10eVt^5. £'*Mft£\ ngjZ u 
20 1-p Mgp Sq Sei-q ^5 •/ H«3*iJ:^pSZn 
i-p Mgp S, Sei-, ?5>y K/17 fcigtt® 5 i:?)^ 
CV^K^'/TEg <7)HAEg tiO. 34eVT'£> 

[0068] *Stt®5£z = 0. 14<0Zn 

i-z Cdz SeMlZi. OHMM"**^ nIZni-, M 
gp S, Sei-q ?7'yb'l3jD^pIZni-p Mg 

p s 5 sei-, ?^-y vrnKDMsm^itpiimtii 

0. 0 7. *^Sffi)«itq{±^J^{f0. 14 -£'£>!>. -I 
Oii^OvSttSS^yK^ yrEg <i*«;2. 5 4 e 
30 V. nlZni-p Mg P S, Sei-, ^'9 -y KJl3ijJ: 
l^P^Zni-p Mgp S,Sei-, P^vYMlW** 
H^^rE, (il^2. 87eVTfc5, ClO^. n 
SZni-p Mgp S, Sei-, ? 7>y KJlSfcit^pM 
Zm-p Mgp SqSei-q 9 ? YM7 bffl&MS b 
^OA'yK^yrEs WiSAEg JiO. 33eVt 

[0069] nlZnSeA77ri2 > nIZni-, 
Mgp S, Sei-, \m3. P lZn 

i-p Mgp S, Sei-, Kl7fcJ:^plZnS 

-t mmnmzMJ&z h . 
[0070] com3H)S£wca: h^mw^-^-cnm 
myrmt. &immmi l z£&^ft\s-v-<DWk%m 

[0071] zcr>f£3m6&mizxtuf . mmcoz n S e 

m\ ZnSu Sei- U JlS^(±Zni-z Cdz Seift 
i 0JKfe!t$i'L-l»«tt«5£OiS$*«l 5-6 0 nmi:+# 
t^^jN$ < Stf^tT v ; fc fc J: 9 , US 1 3l5S^Jt= i 4^ 
3»»U— !f-t H<SMC V ZnMgS SeM^II^* 
50 ^;77 h'^O^i; l/tffi^fc. ^tC^V^TWfe^ 



2 1 

[ o o 7 2 1 mz. Z0)mkr>m4m&mi,z «t s^f* 

[0 0 7 3] ic0^4^MW:J:&¥#f*:^— r-tfc 
ivt(4. iSt&fStfZni-s Mg.'St Sei-t frt>&. 
&1I&<7)EMi:ZnSe£3ti4ZnS» Sei-.'H 

0~3 5 nm^&fflKSItmS., 
[00 74] vS1£Jl5k:;fctt&I^I£Zni- 3 Mg s 
St Sei-t fcj;*)JBjKU *^#Fil^ZnSeJCj; 
9JE2j£-tS*§£. BSM£»T.g>Zni- a Mg s St 

sei-t <r>Mgmm:siixt/smmittitmtii^ti 
mo. ifcj:t^o. 1 6£§nm&7K witr-tix-e 

#10. 2 3*3,1:1X0. 2 8^S(ffLS,, ttz. <I 
cOnlZnirp Mgp S, Sei-, 97 7 b'SSfcil/ 
pIZm-p Mgp S, Sei-, ^5 7PI70Mgfi 
fi£it P fcJ:t/Sfflfiytq(4P!l^tf^ii^0. 2 3fc J: 
I/O. 2 8lzmXtl*. £*>i:£<?>ffittJB5K:*H't*Z 
nSe4f#FJl^;xK3 r -v-y7 0 E g tt*&2.. 7 2e 
V, nlZ ni-, Mg P S, Sei T , 97 -y h'S3*3 i 
l^pMZni-p Mgp Si Sei-, ?7-/Kl7«A'y 
H^77E 8 (i#>3. 0 5eVTibl.. -IOi§£\ n 
SZni-p Mgp S, Sei-, ?7-y KJf SJoJM/pM 
Zni-p Mgp S, Sei-, ? 5 >/ F®7 iivSttB 5(C 
fcttS Z n S ett?#Fff 2: OR^^ K^f * "/7°E« 
<7D|gAE g {40. 33eVCf>S, 
[0075] vS1±«5fc*3{tSI^Mii^Zni-s 
Mg, St Sei-t tZ**)1&fRL. *^#F*2rZnS 
u Sen fciO^lfrr**^, I^S»£^j£-f6Zn 
i-sMgs St Sei-t WMg3flj£Jtsi3itf Sfflj&tt • 
tliMiim-eiiO. 13*3j:tf0. 19*381**14' 
*\ mttfZixZ'tiO ■ 2 6i3it>'0. 3UzMiitt 
h. .IWl^nlZni-p Mgp S, Sei-, 

^5>y Hil3t3j:l/pMZni-p Mgp S, Sei-,> 
HJl7cOMgiffl^Jtp*>i^Sfflfi!cJtq«<5iU{f-e 
ft-etio. 2 6i3«fci/0. 3l(3H(£ft.&. c\<r>h%<r> 
vS1±®5{Ct3(tl>ZnSt Sei-t if #FJf<7>^*>' K 
^t7TE, J4#;2. 76eV s nlZni-, Mgp S 
, Sei-, ^77Hl3iiJ:t;plZni- p Mg P S, 
Sei-, 9=7v -KJf70V*>'-F* r .*y7 , E I (4ift3 . 1 
0eVtJi4. nlZni- p Mgp S, Se 

i-, ?7 y Hg3t3j:O f pMZni-p Mg p S, Se 
i-, 9 7? HS7fcvS'|4fl5tCi3ftSZnSt Sei-t 
if #FIi:»A> 7 rE 8 ?)MAE g {4 
0. 34eVT£>6„ 

[0076] dcD®4HSfiM^J:-S,^«s^-if-coig 



(12) «iT6-3 34 27 2 

2 2 

[0 07 7] dom4SlfifeWcJ:^-rt. SglHifefflt 
cfc l^-if- 1 laJSHC, ZnMgSSe mtSm 

*mw*9 y -/ mnmAt Lxm^tz. mmz&^x 



[00791 H7 t^-Ti: 3 fc, 5HSfe0lJ(ci; 6 

¥#flsU-1f-(~i3^-Ci4. M£i$n$m&mtLxs 

i&V—T'Ztlt: (100) IM^nlGaAsM 
mz-linWKffiWtLXC iffV-TZtitzn 
!ZnSe^77rl2 > ^ttfn^Fslsfctlfc LTC 1 
#F-:T£il3tni!Z ni-p Mgp S, Sei-, ?9-y 
H@3. ^iJx.(4'nM^M^i:LTC ltfK-rSfufcn 
IZnSe ft#&JI4 . ffl&M 5 . M£tfp mffflUb 
LXm<b'-TZixKpmZnSeffimkm6.Mz.l$ 
20 pm^f&mbLXNtfV—TZilttpmZni-! Mgp 

s, sei-, 9yv vm7 . miii P %xm<mtLXN 

tfF-yZtlfiipmz nS« Sei-v J112i3j;tfM*. 
tfpSWfti: fCN^'H-T^il^pMZ n S e^-v 
■yTJl8jWliyCllJl£:ft.TU&, > <I,IT\ plZnS, 
Sei-w jfl2J4, plZni-pMgp S, Sei-, 9 

7 7 hji7 bfe?mr&t ht&><n>mt Lxm^tLh 

ttUz % MMWj:pm9 7v} t mtLxmut>ti&. 
plZni-, Mgp S, Sei-, 9 "7 -y VM 7 t CD%F? 
m&£)ihtzlhl<Z^ dCOpSZnSv Sei-v Ml2<0 
30 Siiafltfctv{4»3StCi40. 0 6tat«l*. 

[0080] <1<?)^, pSZnSeJrA-yrii8i3j: 
IJtpIZnS, Sei-v ®1 2C0±Jlgg(4^h7'f T?^ 

Mz.ii5jj.m.X'foh. 

[ o o 8 1 ] $ ±j£cox h rapja^ac^o 

pMZnSv Sei-v Ml 2±tJ4 s ^J^(f/P$*»'3 0 
OnmWl'St (Ah O3 ) t^kAhWSM9ifi 

e 4r >/ 7° a 8 *3 J: t^tttM 9 _Lfc p 1 0 
40 §^TV>S. icDpfflUmffilO^pMZnSe^-^vT' 
i!8i:r?y^^htJti57i-^»£0)iSSi:^l.. 

vl<7)p{ffll^l 0kLT(4. Witf. P*sipn 
mCOPdMtJ?^* 1 *! OOnm(OPtItf§i<3 0 0 
nmWAuIi: S-Jii^ffiJl A u./P t/Pd 
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